When evaluating patients for rhinoplasty, it is important to assess for nasal airway obstruction. Indeed, a significant subset of rhinoplasty patients seek to improve both the aesthetics of their nose and their nasal breathing. Typically, the functional and cosmetic portions of the procedure are addressed together. Therefore, it is critical that the rhinoplasty surgeon be armed with a knowledge of both the external and intranasal anatomy, the differential diagnosis of nasal obstruction, the elements of a complete nasal examination (including nasal endoscopy), and the medical and surgical treatment options. Although medical treatment Surgical Treatment of Nasal Obstruction in Rhinoplasty Daniel G. Becker, MD, FACS; Evan Ransom, MD; Charles Guy, DO; and Jason Bloom, MD Abstract Often, rhinoplasty patients present not just for aesthetic correction, but for improvement of their nasal breathing due to functional abnormalities or problems. Because the aesthetic and functional problems must be addressed together, an understanding of both the internal and external anatomy is essential. In this article, the authors review the differential diagnosis of nasal obstruction and the important components of a thorough examination. In this article, medical treatment options are not discussed, but just as an exacting aesthetic analysis leads to an appropriate cosmetic rhinoplasty plan, a thorough functional analysis will dictate the appropriate medical or surgical treatment.
quadrangular cartilage contains the supportive "L-strut" that is largely responsible for maintaining the strength and support of the cartilaginous nasal dorsum.
The remaining cartilaginous framework of the nose consists of the paired upper lateral, lower lateral, and sesamoid cartilages. The upper lateral cartilages (ULC) are trapezoidal in shape and articulate with the nasal bones superiorly, with the nasal dorsum and dorsal septum in the midline, and loosely with the bony caudal margin of the piriform aperture. Although the inferior aspect of the ULC remains free, variable sesamoid cartilages are found in the fibrous connective tissues lateral to the ULC.
Below the ULC are the paired lower lateral cartilages (LLC). The LLC form the nasal tip and ala. The LLC can be considered in terms of a medial crura that extends superiorly and flares superolaterally as the intermediate crura and then continues superolaterally as the lateral crura. The ULC and LLC have a relationship with each other in the "scroll" region. This scroll is most commonly formed by an inward curving to the cephalic edge of the LLC, which relates to an outward-curving caudal border of the ULC. septum, and others. These findings will be addressed in the course of this article. The reader is directed elsewhere for detailed discussion of aesthetic anatomic analysis.
Intranasal Anatomy
An important aspect of nasal anatomy that relates to nasal airway obstruction is the area known as the external nasal valve. This has been described as the area bounded by the caudal edge of the ULC superolaterally, the nasal ala and attachment of the lateral crus laterally, the caudal septum and columella medially, and the nasal sill inferiorly. 3 This area is variable and dependent on the shape, size, and strength of the LLC.
Located just superior to the external nasal valve is the site of greatest resistance in the entire human airway, the internal nasal valve. Anatomically, the internal nasal valve is the cross-sectional area bounded superiorly by the ULC, medially by the cartilaginous nasal septum, laterally by the anterior head of the inferior turbinate, and inferiorly by the nasal floor. This valve angle is between 10 and 15 degrees in the Caucasian nose but tends to be more obtuse in ethnic African-American and Asian noses. The crosssectional area of the internal nasal valve is about 0.73 cm 2 . 4 The physiology and function of the nasal valves will be discussed in later sections of this article.
Mucosal Anatomy
The lining of the nasal cavity is composed of a few different types of epithelium. Located at the level of the nasal vestibule is nasal skin, composed of keratinized stratified squamous epithelium, with sweat and sebaceous glands and nasal hair or vibrissae. As one moves into the nose, the lining transitions to a respiratory epithelium, composed of goblet cells that secrete mucin at their apical surface, basal cells, ciliated and nonciliated columnar cells, and granule cells. 5 Ciliated columnar cells are the predominant type of cell and have both cilia and microvilli to move mucus throughout the nasal cavity; these play a critical role in mucociliary clearance.
Also, different types of mucus glands (seromucous, serous, and intraepithelial) are scattered throughout the nasal airway. The sinonasal cavities produce somewhere between 1 and 2 liters of mucus each day, and the majority of this mucus is made by the 80,000 to 100,000 submucosal seromucous glands.
Finally, a specialized neuroepithelium exists in the area of the olfactory clefts and the superior portion of the nasal cavity. This epithelium is nonciliated and contains bipolar olfactory receptor neurons, their progenitor cells, sustentacular cells, and mucous glands. There are also special glands in the olfactory epithelium known as Bowman's glands, which are believed to play an important role in olfaction. 2 
Blood Supply (Figure 5)
There is an abundant vascular supply to the nasal cavity. Contributions arise from the internal carotid artery (which gives off the anterior and posterior ethmoid arteries from the ophthalmic artery) and the external carotid system (which gives off branches forming the sphenopalatine, greater palatine, superior labial, and angular arteries). Externally, the nose is mainly supplied by the angular artery, which is a branch of the facial artery, whereas the nasal dorsum and sellar regions get their blood supply from the infraorbital artery and ophthalmic artery, respectively.
The internal nose receives its vascular supply to the lateral nasal walls posteroinferiorly from the sphenopalatine artery, off of the internal maxillary artery, and superiorly from the anterior and posterior ethmoid arteries. The blood supply along the nasal septum comes from the sphenopalatine artery, as well as the anterior and posterior ethmoid arteries, with contributions from the superior labial artery at the front and the greater palatine artery more posteriorly. It is important to understand the area of the septal blood supply known as Kiesselbach's plexus or Little's area. This region at the anteroinferior third of the septum is a common site of anterior epistaxis and represents the convergence of all three major blood supplies to the nasal cavity. 6 Veins in the nose essentially follow the arterial supply, but one should take note of two very important aspects of the nasal venous drainage: these veins can communicate directly with the cavernous sinus and are valveless, possibly potentiating the intracranial spread of infection.
wall. This nerve has an internal branch to innervate the anterior ethmoid and frontal sinuses and an external branch, which gives sensation to the nasal skin, from the rhinion to the tip. The posterior ethmoid nerve innervates the superior and posterior septum and lateral nasal wall. The maxillary division (V 2 ) has an infraorbital branch, which provides sensation to the external nares, and a sphenopalatine branch, which divides into lateral and septal branches to provide sensation to the posterior and central regions of the nasal cavity.
Autonomic innervation to the nasal cavity is critical to its normal physiologic activity. The parasympathetic nervous supply starts in the superior salivary nucleus in the midbrain and travels along the facial nerve to reach the greater superficial petrosal nerve, which joins fibers of the deep petrosal nerve to form the vidian nerve. These parasympathetic fibers synapse in the sphenopalatine ganglion and send postganglionic fibers to the sinonasal mucosa. The sympathetic innervation arises in the thoracolumbar spinal cord and synapses in the superior cervical sympathetic ganglion before postganglionic fibers run with the vasculature to the nasal cavity.
Physiology of the Nasal Airway
The form and function of the nasal airway are intimately tied to each other. The rhinoplasty surgeon must understand how nasal physiology and airflow dynamics relate to the internal and external nose and how they can be affected by rhinoplasty. 2 The nose humidifies, warms, and conditions the inspired air while removing airborne particles before they reach the lower airway. This function begins with the nasal hair or vibrissae, which protect the nasal airway by filtering out large particles that enter the nasal orifice. The sinonasal mucus is critical to the process of particulate filtration. The apical surface of the respiratory epithelium is covered with cilia, and the coordinated ciliary beating from anterior to posterior in the nasal cavity sweeps particles along the "mucus escalator" to the nasopharynx, where it is swallowed. This transport of trapped particles by this mucociliary clearance transport occurs about every 10 to 15 minutes in a healthy nose (about 6 mm per minute), and then it is replaced by fresh mucus. 7, 8 This mucus blanket is a critical cleaning and filtering system for the upper airways and also maintains nasal moisture. 9 Humidification and warming of the inspired air occurs in part through the airflow pattern that is created by the presence of the conchal nasal bones (turbinates) and by the increased surface area of the nasal cavity. 10 By the time inspired air reaches the pharynx, the nasal cavity has the ability to raise the temperature to about 37°C and to humidify it until it is about 85% saturated. The presence of a physiologic nasal airflow pattern allows this to occur and facilitates alveolar gas exchange more efficiently in the lower airways. 4, 11 Physiologic airflow in the nasal airway is also related to resistance. The resistance in the nasal airway can be divided between the nasal vestibule, internal nasal valve, and the turbinated cavity of the nasal passage. The nasal vestibule contributes only about one-third of the nasal resistance. The nasal valves comprise the major areas of resistance in the nasal cavity. 4 The internal nasal valve is the flow-limiting segment of the nasal airway and comprises about 50% of the total airway resistance from the nasal vestibule to the alveoli. 12 Nasal resistance functions according to Poisseuille's law, in that it is inversely proportional to the fourth power of the radius of the nasal passages (resistance = [viscosity * length]/radius 4 ). 3, 13 This means that small changes in the size of the nasal valve can have exponential effects on the airflow resistance. Bernoulli's principle also plays a key role in the physiology of the nasal valve. As the air flows across a narrowed nasal valve, velocity increases and pressure decreases. This results in negative pressure in the valve area and an increased transmural pressure difference, which can cause further "dynamic" nasal valve collapse.
14 Both the internal nasal valve and the external nasal valve function are governed by these principles and they can collapse from the increased negative pressures developed from inspiration.
Additionally, the size of the nasal airway is also governed by an alternating pattern of congestion and decongestion, known as the nasal cycle. This phenomenon, present in about 80% of the population, occurs though the reciprocal pattern of vascular engorgement of the capillaries and microscopic vessels in the nasal lining and over the inferior turbinate. 9 This pattern repeats itself in the range of every two to seven hours and, as expected, the nasal resistance between the two sides of the nasal cavity also alternates throughout the day; however, both the total combined nasal resistance and nasal airflow remains relatively constant. 9 Additionally, many different factors can increase nasal resistance by causing the nasal mucosa to swell or become engorged. These are things such as the autonomic regulation of the nasal vasculature and nitric oxide (NO) production in the nasal cavity. 4 
NASAL OBSTRUCTION
It is important that nasal obstruction in rhinoplasty patients be properly evaluated and diagnosed. Proper diagnosis is the critical first step in the correct treatment of nasal obstruction. The differential diagnosis of nasal obstruction is broad. The etiology of nasal airway obstruction can be multifactorial and often contains pathology from both the anatomic and physiologic aspects of the nasal airway. 15 The more common causes are discussed here.
exception than the rule, as it is only present in anywhere from 7.5% to 23% of patients. 16, 17 As it comprises the medial border of the nasal airway and nasal valve on each side, even small deflections in the septum can play a large role in nasal airway obstruction. Anterior septal deviations, often in the region of the nasal valve, may be more likely to cause the patient significant symptoms of nasal obstruction, whereas posterior deflections typically need to be larger in order to cause the patient problems. 4 Deviations of the anterior part of the quadrangular cartilage into the mid-to-low nasal cavity are more common, but bony spurs in the region of the vomer, the perpendicular plate of the ethmoid bone, or deflections of the cartilage off of the maxillary crest also occur. 18 Additionally, it appears that anatomic problems with the septum can cause physiologic problems. Studies have shown that a deviated nasal septum causes increased mucociliary clearance times compared to noses with a straight septum and that a septoplasty to repair a deviated nasal septum will return mucociliary clearance to normal. 19, 20 Nasal Valve Narrowing The internal nasal valve is the narrowest part of the nasal airway and is the site of the highest nasal resistance. Once the nasal valve has been determined to be the source of obstruction, it is important to assess whether this is a static or dynamic problem. Although static obstructions Figure 6 . Nasal septal deviation, as seen on a computed tomography scan. require a physical alteration in the anatomy, a dynamic problem usually focuses on adding support to a deficiency of the cartilages or soft tissues. 10 Regarding the internal nasal valve, a static obstruction can be seen from abnormalities in the anatomic boundaries of the valve, such as inferior turbinate hypertrophy or a deviated nasal septum. Also, there can be displacement of the lateral wall of the nasal valve from trauma, as well as scars in the intercartilaginous region, pyriform aperture stenosis, or ULC that are disarticulated and fall into the nose, obstructing the airway. Schlosser and Park 21 asserted that when the nasal bones are deviated or displaced, no nasal valve grafting repair will be sufficient without addressing the nasal pyramid due to the relationship between the nasal bones and the ULC.
On the other hand, a dynamic problem that involves the internal nasal valve usually involves a collapse of the lateral nasal sidewall due to a destabilization of the LLC or nasal septum. 3 If these structures are disrupted and not refixated, they no longer have the stability to support the ULC, leading to collapse. Sheen 22 observed that a patient with an overprojected nose, a narrow middle vault, and short nasal bones represents a "narrow nose syndrome." This situation presents a higher risk for internal nasal valve narrowing after resection of the middle vault roof. This can result in an inferomedial collapse of the ULC into the airway. 10 Spreader grafts are required in this setting. Regarding the external nasal valve, some of the more common causes of a static narrowing include alar base malpositioning, postoperative scarring in the valve area or nasal vestibule, caudal septal deflections, or nasal tip ptosis. 3 Furthermore, a dynamic collapse or obstruction in this area can be due to a weak or deficient LLC and nasal ala or even dysfunction of the nasal and facial muscles that help to dilate this area and keep it from collapsing. The former is often a result of deficiency of the LLC from an overresection of the lateral crura or due to anatomically vertically positioned LLC, known as the "parenthesis deformity." 23 In these situations, the cartilages are not able to adequately support the alar margin. Also, tip ptosis can occur from a bulky excess of nasal tip soft tissue, leading to obstruction of the nasal vestibule. 3 As mentioned above, patients with facial paralysis also frequently have external nasal valve collapse because of the denervation of the nasalis and dilator nasi muscles. The muscular tone is no longer present in this case to support the sidewall of the nose.
Middle Turbinate Concha Bullosa
Because a majority of airflow through the nose enters the middle meatus, obstruction at this level must be addressed. A pneumatized middle turbinate, or concha bullosa (Figure 7) , is a very common anatomic variation of the middle meatus and nasal airway, occurring in about 25% of the population. Although most concha bullosa are asymptomatic, large concha can be attributed to nasal obstruction. Furthermore, there is a correlation between a unilateral concha bullosa and a septal deviation to the contralateral side. This is caused from the pneumatized middle turbinate pushing the septum across to the other side as it develops. Almost 80% of patients with a large unilateral concha bullosa have an associated septal deviation.
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Inferior Turbinate Hypertrophy
The inferior turbinate has a number of important functions, including airflow warming, humidification, filtration, and mucociliary clearance. However, pathologically enlarged turbinates can also play a significant role in nasal airway obstruction. With the head of the inferior turbinate comprising the lateral boundary of the nasal valve, enlargement can cause narrowing of the internal nasal valve. Different variations in inferior turbinate hypertrophy have been described, ranging from bony to soft tissue to mixed. 18 Although bony abnormalities of the inferior turbinates are often treated with surgical procedures such as outfracture and partial turbinectomy, soft tissue or mucosal hypertrophy can be addressed first with topical and systemic medications to control the engorged inflammation of the overlying nasal mucosa and then, when indicated, with submucous resection or radiofrequency. These therapies will be discussed later in the article.
Choanal Atresia
Choanal atresia refers to obstruction of the posterior nasal apertures. This abnormality is most commonly congenital and can be unilateral or bilateral, with an incidence in the range of 1 in 5000 to 7000 live births. 24 The choanal obstruction can be bony, membranous, or mixed; the bony entity is by far the most common, occurring in about 90% of cases. 25 The presence of choanal atresia can be an isolated occurrence, but it is usually associated with other congenital anomalies (in over 50% of cases). Most commonly, this cause of nasal airway obstruction is associated with CHARGE syndrome (coloboma, heart defects, choanal atresia, growth or developmental retardation, genitourinary hypoplasia, and ear anomalies). 18, 26 Although generally identified in the pediatric population, unilateral choanal atresia or stenosis is occasionally encountered in the adult population.
Pyriform Aperture Stenosis
The bony pyriform aperture is the narrowest and most anterior portion of the bony nasal airway. Stenosis of this portion of the airway usually results from a bony overgrowth of the nasal process of the maxilla. As a cause of nasal obstruction, this process was first described by Brown et al 27 in 1989. This study determined that the pyriform aperture is stenotic when the maximum transverse diameter is less than or equal to 3 mm. It is important to remember that patients with a narrow or relatively hypoplastic midface may be at risk for pyriform aperture stenosis.
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Trauma and Previous Sinonasal Surgery
Many complications from both accidental and iatrogenic trauma can lead to patient problems with nasal airway obstruction. These anatomic problems-such as nasal septal fractures, adhesions in the nasal cavity, septal perforations, and scarring of the nasal valve-can block the airflow through the nose and cause the patient significant symptomatology. 15 Additionally, previous trauma and rhinoplasty surgery are the most common causes of a weakened nasal valve and increased nasal airway resistance. leave the patient with a feeling of nasal obstruction. This phenomenon, known as "empty nose syndrome," disrupts the physiologic ability of the nasal airway to warm and humidify the inspired air through the lack of the previously resected turbinate mucosa (Figure 8 ). 29 
Physiologic Causes
Sinonasal Inflammatory Diseases Diseases of the sinonasal mucosa are extremely common and one of the most prevalent symptoms that results is nasal obstruction. Inflammation of the nasal mucosa is clearly a multifactorial process and it is believed that an increased local blood flow in the area, in response to the inflammation, is a cause for the edema and congestion of the nasal tissue. Nasal polyposis, often felt to be triggered by a combination of factors (including rhinosinusitis, asthma, and allergy), may be large enough to obstruct the nasal airway and the sinus ostium, resulting in sinus infections and the inability for the nasal mucus to drain ( Figure 9 ). Although a discussion of sinusitis and other rhinologic diseases is beyond the scope of this article, it should be noted that nasal obstruction plays a key role in the symptomatology of these patients and their quality of life. 30 In addition, atypical inflammatory diseases must be kept in the surgeon's mind, as nasal obstruction can be caused by lesions such as Wegener's granulomatosis, sarcoidosis, rhinoscleroma, rhinosporidosis, and tuberculosis, to name a few. These processes can all contribute to the formation of lesions, crusting, ulcerations, and irritations in the nasal cavity, causing patients to have symptoms of obstruction.
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Neoplasm
All sinonasal neoplasms can present as nasal obstruction and this symptom continues to be the most common complaint that triggers evaluation. It is often accompanied by epistaxis; other vague problems such as facial pain, pressure, and anosmia may trigger a rhinoplasty surgeon to perform a nasal endoscopy or to refer the patient for evaluation by an otorhinolaryngologist for a thorough nasal endoscopy and possible computed tomography (CT) scan, if indicated. Although squamous cell carcinoma remains the most common malignancy of the sinonasal cavity, other benign tumors or lesions such as inverted papillomas, antral-coanal polyps, and osteomas may also be seen (Figure 10 ).
Medical/Hormonal Changes
Many medications, both prescription and over-the-counter, can lead to significant problems with nasal airway obstruction. It is critical to ask patients about their use of nasal decongestant medications. Patients often reach for an over-the-counter solution without seeking medical help for their nasal obstruction, but overuse of medications in both the imidazoline class (ie, oxymetazoline) and sympathomimetic amines (ie, ephedrine and phenylephrine) can cause significant problems with nasal obstruction. Prolonged ingestion of these medications can lead to a process called rhinitis medicamentosa and a phenomenon known as "rebound nasal congestion." After more than three days of intranasal application, these patients will complain that they have even more rhinorrhea and nasal congestion than before they started the medication. Studies have shown that this condition results in a disruption of the mucociliary clearance from the ciliated epithelial cells being destroyed, as well as a subsequent increase in the vascular permeability and edema of the nasal mucosa. 32 In addition to these topical nasal medications, some systemic medications such as antihypertensives (ie, hydralazine), methyldopa, beta-blockers (ie, propranolol), antidepressants, and even antipsychotic medications can cause nasal obstruction.
Also, it is important to note that medical problems such as hypothyroidism and the hormonal changes that accompany pregnancy have been shown to cause rhinitis and nasal obstruction. Neither mechanism for these processes has been well elucidated, but it has been considered a vascular dilation of the nasal mucosa in the case of hypothyroidism and a combination of a direct effect of the woman's hormones along with a generalized increase in the interstitial fluid volume from pregnancy that cause the mucosal edema and nasal obstruction.
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EVALUATION OF NASAL AIRWAY OBSTRUCTION
A patient reporting significant nasal obstruction should have a thorough evaluation. This starts with the history and physical examination (including nasal endoscopy), and then can progress to more extensive assessment, such as radiologic exams and even objective tests or measures of the nasal airway and its obstruction.
History and Physical
In the patient with nasal obstruction, a thorough history should address the presence of nasal obstruction, sinusitis, rhinitis, inflammatory sinonasal disease, postnasal drip, chronic cough, facial pain or pressure, ear pain or pressure, loss of sense of smell or taste, hearing loss, or other pertinent findings. 33 A history of environmental or seasonal allergies must be obtained and any prior nasal surgery must be noted, including sinus surgery, rhinoplasty, septoplasty, turbinate reduction, or other procedures. A history of prior nasal trauma should also be identified.
The rhinoplasty surgeon must also investigate the specific aesthetic concerns the patient may have with his or her nose. Some procedures, such as narrowing the external appearance of the nose, may have an internal effect on the nasal airway. Additional history-specifically, the patient's medication history, including the use of aspirin, aspirin-containing products, anticoagulant medications, nonsteroidal anti-inflammatory drugs (NSAID), and herbal supplements that may increase the bleeding risk during the case-should be noted. The patient must be questioned about continued use of intranasal topical decongestants to rule out rhinitis medicamentosa. A good social history should be obtained to determine the patient's smoking habits, for reasons of wound healing. A history of intranasal cocaine should be identified, as this may lead to significant preoperative and postoperative issues. 33 A thorough physical examination of the head and neck is the next step in the evaluation of the patient. An exhaustive discussion cannot be undertaken here. However, with regard to the nasal airway, complete external and internal nasal examination must be undertaken. Externally, the rhinoplasty surgeon must take note of a patient with a narrow middle vault and short nasal bones, the so-called narrow nose syndrome patient, as he or she is at increased risk of middle vault collapse and internal valve narrowing if this is not recognized preoperatively and appropriately addressed intraoperatively. 10, 22, 33 Also, the external nasal exam may show the patient experiencing alar collapse or supra-alar pinching on inspiration, designating either external or internal nasal valve collapse. Facial nerve function also should be assessed to determine whether there is any asymmetry of the facial function or collapse of the external nasal valve from nasalis or dilator nasi muscle dysfunction.
Internally, anterior rhinoscopy should be performed to visualize the inferior turbinates, caudal nasal airway, and external nasal valve. A nasal speculum and a headlight can assist in identifying any anterior nasal pathology; however, this view is generally limited to the anterior nasal airway. The Cottle maneuver is helpful in assessing the nasal valve. 15 This maneuver is classically described as retracting the cheek skin and lateral nostril while pulling the ULC away from the septum to open a larger nasal valve area. 3, 15, 33 The physician may create false-positive results with this test unless the lateralization of the nasal sidewall is performed realistically. 33 Many authors, including Constantinides et al, 34 have described a modification of the Cottle maneuver. They describe placing a small ear curette under the LLC and the ULC, both before and after decongestion and topical anesthesia. The airway patency is assessed with the curette, gently elevating the nasal cartilages one at a time in order for the patient to experience what it would be like to have these areas reinforced with surgical grafting techniques. Nasal airflow improvement with ULC support would suggest internal nasal valve pathology, whereas improvement with LLC support would signify that an external nasal valve problem may be involved. 3, 34 Another anterior rhinoscopic exam should also be repeated once both topical anesthetic and a decongestant are applied to the nose. This may facilitate precise localization of the site of nasal obstruction. Diagnostic nasal endoscopy allows a more thorough examination of the nasal airway ( Figure 11 ). This endoscopy, whether flexible or rigid, should include evaluation of the septum, turbinates, nasal mucosa, nasal valve, and other nasal structures. Again, assessment before and after decongestion is advised, as improvement or relief of airway obstruction after the administration of decongestion alone may point to some other type of nasal pathology, such as a sinonasal mucosal inflammatory disorder. 35 It is advisable to perform a diagnostic nasal endoscopy following initial anterior rhinoscopy, as recommended by Lanfranchi et al. 36 According to their study, additional surgical therapy to relieve nasal obstruction was undertaken in 28 of the 95 patients (29%) because of significant pathologic findings on nasal endoscopy. The authors advise performance of nasal endoscopy on all patients who present for a septorhinoplasty when they report nasal airway obstruction.
Radiologic Exams
Some radiologic studies may assist with the diagnosis when the site(s) or source(s) of nasal obstruction cannot be identified with a history and physical exam ( Figure 12 ). In these cases, a coronal sinus CT scan can assist in identifying sources of nasal obstruction, such as a concha bullosa or posterior septal deviation, which may not have been appreciated on physical exam. Additionally, a coronal sinus CT may provide additional information for a patient who has had a history of chronic nasal obstruction or sinonasal inflammatory disease. This added information may alert the surgeon to additional pathology and may ultimately lead to an alteration of the surgical plan. 
Objective Nasal Airway Studies
Rhinomanometry
The rhinomanometer is a device that functionally measures nasal airflow at a fixed pressure differential during the nasal respiratory cycle. This provides a method with which the rhinoplasty surgeon can quantitatively measure nasal resistance. With this technique, a pressure-flow curve is generated that will show a higher nasal resistance and less nasal airflow in a more obstructed nose. The most common method is called anterior rhinomanometry and was introduced by Coutade in 1902. 37 The transnasal pressures are generated from a nostril transducer and each nostril is measured separately, making total nasal airway resistance only calculable from formulations. Another limitation is that this technology does not accurately work on patients who have septal perforations.
A rhinomanometry study was performed by Constantian and Clardy, 38 who examined postrhinoplasty nasal obstruction. In their study, external and internal valve reconstructive surgery improved nasal airflow by 2.6 and 2.0 times, respectively, and improved airflow 3.8 times when they were combined. Also, the addition of a septoplasty to internal and external nasal valve surgery improved airflow by 4.9 times. Even in patients who had undergone previous septoplasty, 91% had their nasal obstruction corrected with nasal valve surgery, highlighting the importance of internal and external nasal valves in nasal airway surgery. Although rhinomanometry does give an objective measure of nasal resistance (or how difficult it is for the patient to breathe), some authors have not found it to be useful because, in their experience, the quantitative findings frequently do not correlate with the patients' subjective assessments of nasal patency.
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Acoustic Rhinometry Acoustic rhinometry has also been employed as a way to objectively measure nasal airway obstruction and nasal airflow. Acoustic rhinometry was first introduced to calculate the cross-sectional area of the nasal airway in 1989 by Hilberg et al. 42 They described how the volumes of the nasal passages could be calculated through contiguous cross-sectional areas. Acoustic rhinometry works by propagating a sound wave through the nasal cavity. The sound wave is reflected back to create a rhinogram, showing a two-dimensional representation of the nasal airway. 43 Acoustic rhinometry is a complementary study to rhinomanometry, in that it assists in measuring the location of the nasal obstruction, not in determining total nasal resistance. Interestingly, acoustic rhinometry has been deemed the most accurate measurement of nasal area, especially anterior in the nose and the region of the nasal valve. 44 Perhaps for this reason, acoustic rhinometry is the most utilized method of measuring nasal airway patency in both clinical and research settings. 15 Acoustic rhinometry has been useful in quantifying and comparing postoperative changes in the cross-sectional area of the nasal airway after rhinoplasty. 45 In a study by Friedman et al, 46 the authors demonstrated how acoustic rhinometry can be a tool for assessing the effects of specific surgical techniques on the nasal valve area.
Surgical Procedures to Open the Nasal Airway
Nasal Septal Surgery
The various approaches to septal surgery have specific historical origins, and subsequently numerous modifications and variations exist and have been described. A partial overview is provided here.
Submucous Resection
The history of submucous resection (SMR) dates back to techniques described by Killian and Freer, who discussed elevating mucopericondrial flaps on either side of the nasal septum and resecting the intervening quadrangular septal cartilage, leaving the overlying mucosa intact. 47 Bony septal spurs or deviations are also removed with the majority of the cartilage. A critical portion of this operation involves leaving an adequate 10-to 15-mm strut of cartilage both dorsally (to prevent collapse or a saddle nose deformity) and caudally (to provide support against columellar collapse and a subsequent nasal tip ptosis). 47 Once the offending deviation to the septum has been removed, the flaps are then reapproximated, and the incision is closed anteriorly. The large empty space that is left between the mucosal flaps in this classically described technique requires attention. The placement of quilting sutures, silastic septal splints, and nasal packing are among the techniques described to prevent fluid accumulation between the flaps.
Traditional Septoplasty
What we commonly think of as the traditional septoplasty is similar to the SMR, but is a more conservative procedure that removes less cartilage and aims to specifically target the area of the septal deviation. There are multiple small differences between a traditional septoplasty operation and the SMR. A notable difference is that with the traditional septoplasty, the cartilage that is removed may be morselized or otherwise straightened and then replaced back between the septal flaps. Also, cartilage modifications to score and weaken the septal cartilage can be performed to straighten the deflection while maintaining septal strength. 47 Some authors, however, have suggested that these cartilage modifications and replacements can lead to recurrent deviations from cartilage memory.
Endoscopic Septoplasty
The endoscopically guided septoplasty is a technique that can be particularly useful for cases involving revision surgery, as well as for addressing focal septal deflections or spurs ( Figure 12 ). Some surgeons have advocated the use of the endoscopic septoplasty for patients with densely adherent septal mucosal flaps, such as those found in revision septoplasty. Especially in cases of prior septoplasty, septal hematoma, or abscess-where there is a significant loss of the septal cartilage with subsequent scarring of the septal flaps to one another-endoscopic assistance helps the surgeon to elevate these flaps with partially obliterated dissection planes or bypass densely adherent flaps and directly address the persisting deviation. 1 Additionally, the endoscopic septoplasty has been a useful approach when attempting to address isolated posterior septal spurs or deflections, where it is often unnecessary to raise large septal flaps or to make incisions in the mucosa at the anterior aspect of the nose.
Open Septoplasty
At times, the nasal septal deformity is such that endonasal approaches may not be adequate to fully address the deformity. In these situations, addressing the septum through an open rhinoplasty approach may be preferred. This procedure first involves "opening" the nose through an external rhinoplasty approach. Once the nose has been degloved and the underlying anatomy exposed, the septum can then be addressed from both a dorsal and caudal direction.
The open rhinoplasty approach for severe cases requiring an extracorporeal septoplasty warrants mention. This procedure may be indicated for patients in whom both the septum and the external nose are severely deviated. In order to straighten the nose in addition to both the caudal and dorsal aspects of the septum, the cartilaginous septum is removed, repaired, and then reimplanted. The septum can be removed by separating the dorsal septum from the bilateral ULC, after which it is fractured off the premaxilla inferiorly and the bony septum posteriorly. Once the septum is removed from the nose, it can be reworked, straightened, and grafted before it is replaced and secured. Gubisch, 48 in his report of 2119 patients undergoing extracorporeal septoplasty, described how he secured the replaced septum to the nasal spine and ULC with sutures for maximum support.
A report by Most 49 details a useful modification to the extracorporeal septoplasty that he has termed the "anterior septal reconstruction." In this case, a dorsal cartilaginous strut is maintained to anchor the reimplanted septum and retain the normal dorsal nasal contour. Most explains that by not securing the reimplanted septum to the "keystone area" where the septum and nasal bones meet, any dorsal saddling or irregularities from accidental disruption of this point are avoided. 49 
Caudal Septal Deflections
Caudal septal deflections (as seen with the patient in Figure 13 ) can be specific challenges to septal surgery because they can often cause persistent nasal obstruction and may require complex septal reconstructions. 50, 51 Simply resecting the caudal septal cartilage would clearly violate the inverted L-strut that is providing tip and columellar support. 47 The simplest technique (and often the first attempt to correct this problem) involves vertically scoring or incising the caudal septal cartilage on the concave side in an attempt to remove the "spring" memory from that portion of the septum. 1, 50 Another method to correct a deviated caudal septum is the "swinging door" technique, originally described by Metzenbaum. 52 In this technique, the septum is treated as in a standard septoplasty and then raised out of its maxillary crest groove with an elevator, like a Cottle. The wedge of cartilage along the maxillary crest is then excised. At this point, the caudal edge of the cartilage is freed from the anterior nasal spine and caudal attachments and is now only attached superiorly. This single attachment then allows the cartilage to swing into a more midline or straight position, where it can be secured with a suture to the nasal spine. 47, 52 Pastorek and Becker 50 later modified this method and termed it the "doorstop technique." In this modification, the cartilage that is dissected out of the maxillary crest is not resected but is instead flipped to the side of the nasal spine, opposite the obstruction, and secured with a suture. In this method, the nasal spine acts as a "doorstop" to prevent the caudal septum from returning to the other side.
An additional way to straighten the caudal septum is through the placement of an ethmoid bone splinting graft. As described by Metzinger et al, 51 a straight piece of the perpendicular plate may be harvested and small holes are then drilled in the bone with a hand drill. A Keith needle then secures the bony splint to the caudal septal cartilage, which may be straightened first by scoring. It should be noted, however, that the ethmoid bone, when secured in place at this location, can cause the caudal septum to thicken. The surgeon should be sure that the additional piece of bone does not itself cause nasal obstruction when it is secured. 1 At times, excision and replacement of the caudal septum may be necessary. An external rhinoplasty approach facilitates this technique.
Turbinate Surgery
The management choices in turbinate surgery have been extremely controversial. Although some advocate turbinectomy as the treatment of choice for nasal obstruction, others explain the physiologic importance of the turbinates and strongly suggest a more conservative approach to save the turbinate mucosa.
Radiofrequency Turbinate Reduction
With radiofrequency volumetric tissue reduction (RFVTR), a needle on the handpiece of the RF device is inserted into the hypertrophied turbinate mucosal tissue and radiofrequency energy is emitted to ablate the tissue. 53 Unlike in electrocautery or laser reduction, which can cause crusting or damage to the overlying mucosa, the mucosal injury is significantly reduced because the needle is inserted into the submucosa; the temperatures remain much lower than with either laser or submucous dithermy treatment because of minimal heat dissipation. 54, 55 Cavaliere et al 56 looked at long-term follow-up after RFVTR of the inferior turbinates and reported that RFVTR improved nasal volumes and nasal airway resistance by acoustic rhinometry and also by a subjective decrease in nasal obstruction. The results of this procedure may not be permanent and may need to be repeated. Radiofrequency reduction can be performed under local anesthesia.
Electrocautery
Electrocautery of the inferior turbinates has ranged from monopolar and bipolar surface electrocautery to submucous dithermy. Although this treatment has definitely been shown to decrease the size of the inferior turbinates, there have been some associated problems. The results of this procedure may not be permanent and may need to be repeated. Meredith 57 reported that 31% of patients who underwent outfracture and electrocautery of the inferior turbinates had recurrent nasal obstruction when followed for longer than 33 months. Also, there appears to be an increased amount of postoperative crusting, edema, and scarring associated with this procedure that may persist as long as six weeks after treatment. 57 
Laser Cautery
Various lasers, ranging from the KTP to the carbon dioxide (CO 2 ), have been employed to reduce the mucosa overlying the inferior turbinates. They originally gained popularity because of the surgeon's ability to perform this procedure in the office under local anesthesia, with minimal postoperative pain or bleeding. 54 Although the laser is an effective technique for reducing the hypertrophied turbinate mucosa, patients with bony turbinate hypertrophy will not receive benefit from this procedure. In a study looking at the use of the laser versus submucous dithermy, nasal patency appeared to be about the same at six weeks, but only the laser group showed continued reduction in subjective nasal obstruction at the one-year point.
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Cryotherapy Cryotherapy reduces the turbinate mucosa and can be performed under local anesthesia. This method utilizes a cryroprobe that is placed into the turbinate mucosa. Freezing is induced in order to shrink the hypertrophied turbinate. Cryotherapy has low morbidity as a procedure, but the reported results are temporary and inconsistent. 59 
Submucous Resection
A critical aspect of inferior turbinate reduction is leaving the adequate mucosa intact. A submucous resection removes the erectile submucosa and the underlying conchal bone that can be attributed to enlargement. This technique is practical specifically in cases where significant nasal obstruction is caused by the bony portion of the inferior turbinate.
The application of microdebrider technology was a significant advance in the treatment of inferior turbinate hypertrophy and related nasal airway obstruction. Through a small stab incision at the head of the inferior turbinate, the microdebrider turbinate blade (Xomed Medtronic, Jacksonville, Florida) bluntly dissects on a submucosal plane to excise the erectile soft tissues and conchal bone of the inferior turbinate. The turbinate is then outfractured, if indicated. In a study performed by Chen et al, 60 the microdebrider-assisted submucous resection was successful in reducing subjective complaints, including snoring, rhinorrhea, and nasal obstruction at one, two, and three years postoperatively, as well as significantly improving rhinomanometric values from preoperative evaluation.
Total Inferior Turbinectomy/Partial Inferior Turbinectomy Total or partial inferior turbinectomy is not a uniformly accepted approach for the treatment of a patient with nasal obstruction and enlarged inferior turbinates. This technique involves fracturing the inferior turbinates toward the midline and truncating the turbinate at its lateral attachment. A portion of these patients may suffer with postoperative crusting, nasal dryness, bleeding, and even atrophic rhinitis. 54 Passali et al 61 undertook a study in 2003, looking at 382 patients with symptomatic inferior turbinate hypertrophy who were randomized into six different therapeutic groups. The results of the study showed that those patients who received total or near-total turbinectomy had longterm relief of nasal airway obstruction but had a significantly higher percentage of crusting and bleeding compared to other types of inferior turbinate reduction. It is important for the rhinoplasty surgeon to realize that even though inferior turbinectomy may decrease nasal resistance and widen the nasal airway, it may do so at the cost of a disturbance in the nasal airflow and physiology.
Middle Turbinate Surgery
Due to its critical location in the internal nasal valve area, the inferior turbinate appears to receive most of the attention when a surgeon talks about the turbinates and nasal airway obstruction. The middle turbinate is smaller than the inferior turbinate, accounts for an extremely small portion of the nasal airway resistance, and contains less erectile tissue capable of engorgement. 54 Even with all this information, it is extremely important not to forget about the middle turbinate, as this can be a source of nasal obstruction that is often missed.
Middle turbinate resection/partial resection. Although some surgeons routinely resect the entire middle turbinate for access in sinonasal surgery, many advocate for its preservation and its important role in the physiologic functioning of the nasal cavity. This has been a hotly debated topic in the sinus surgery community, and a consensus as to what is the correct treatment of the middle turbinate remains undecided. As a general rule, sacrifice of the entire middle turbinate is rarely performed for treatment of routine nasal obstruction. Partial resection of the middle turbinate, however, can significantly improve a patient's nasal airflow if the turbinate hypertrophies and blocks the nasal passage posterior to the internal nasal valve. 62 Concha bullosa. In addition to a hypertrophy of the middle turbinate or a septum that is pushing the middle turbinate into the nasal airway, the middle turbinate can be pneumatized, known as a concha bullosa, and cause significant nasal obstruction. Kennedy and Sinreich 63 elucidated an effective method for treating a concha bullosa that leaves most of the middle turbinate intact and able to perform its normal functions. In this technique, the middle turbinate head is split down the middle, and only the lateral portion is resected, in order to open the airway and relieve this obstruction.
Nasal Valve Surgery
Although some of the procedures described above, such as septoplasty and inferior turbinate reduction, will widen the nasal valve area, we will now focus on rhinoplasty techniques that open the nasal valve.
Internal Nasal Valve Surgery
Spreader grafts. In 1984, Sheen 22 introduced spreader grafts to widen the nasal valve area and prevent nasal valve collapse ( Figure 14) . He described a thin (1-to 2-mm wide) rectangular bar of autologous cartilage that is placed in a submucosal pocket, situated between the septal cartilage and ULC and secured with horizontal mattress sutures. This cartilage should run the length of the ULC, from their insertion just beneath the nasal bones superiorly to the caudal end of the nasal septum. This effectively widens the nasal valve area and improves the nasal airflow by lateralizing the ULC. Cosmetically, the placement of spreader grafts after hump reduction is employed to maintain the appropriate width of the middle vault and avoid an inverted-V deformity. Functionally, spreader grafts appear to be most effective with a narrowed middle nasal vault that needs to be widened. In an interesting cadaveric study by Schlosser Flaring sutures. Another technique that can be utilized to widen the internal nasal valve area is the placement of vertical mattress flaring sutures, or "Park sutures" 10 ( Figure 15 ). These sutures are placed at the lower border of one ULC, extended over the top of the nasal dorsum, and then secured to the lower border of the ULC on the opposite side. As this suture is gently tightened, the dorsal septum acts as a pivot point, and the lateral ends of the ULC begin to flare and widen the internal nasal valve. 10 This method is especially beneficial in those patients with more vertically oriented ULC. In the cadaveric study performed by Schlosser and Park, 21 flaring sutures alone improved the cross-sectional nasal valve area by 9.1% and the placement of flaring sutures in combination with spreader grafts increased the valve area significantly, by 18.7%. Both flaring sutures and spreader grafts together also significantly improved mean nasal patency scores in the patient arm of the study.
Suspension sutures. An alternative technique that attempts
to suspend the nasal valve with a suture anchored to the orbital rim was first introduced by Paniello 65 in 1996. This suture is placed through a lower eyelid transconjunctival approach and sutured to the ULC, or passed through the nasal mucosa in the nasal valve area just cephalad and then back caudally, essentially cradling the region of the nasal valve collapse. This suture is then secured back to the periosteum of Figure 14 . The placement of spreader grafts, which preserve or widen the nasal valve area and help to prevent nasal valve collapse.
the orbital rim. This procedure has since been modified by surgeons utilizing a bone-anchored system 46, 66, 67 and by another surgeon who passes the suture medial and lateral to the ULC and then secures the suture to the periosteum over the nasal bones. 68 Splay grafts. In 1998, Guyuron et al 69 first discussed the placement of a ULC splay graft to open the nasal valve. In their technique, a piece of conchal cartilage is placed concave side down over the dorsal septum and in a pocket underneath each ULC, in an attempt to reconstruct the middle vault of the nose. The dorsal nasal septum then becomes a fulcum for the conchal cartilage and the lateral aspects support and "splay" the ULC apart, widening the nasal valve. Similarly, modifications of this technique have been attempted and described as butterfly grafts.
Butterfly grafts. Another graft technique that can be utilized to widen the internal nasal valve area is the butterfly graft. This is most commonly a piece of conchal cartilage that is harvested and placed to span the nasal dorsum, with the natural concave surface pointing down toward the nasal cartilages. 70 The placement of these grafts can be via an open or endonasal approach, and they are secured into position between the LLC and ULC. To widen the nasal valve, the caudal edge of the butterfly graft is placed underneath the cephalic edge of the LLC to support it. A modification of this graft has been developed that employs septal cartilage, which is longitudinally striated, allowing it to bend; it is sutured over the top of the nasal dorsum. 3 The graft then acts as a modified flaring suture when it is secured to the underlying ULC on each side of the nose. Additionally, Stucker and Hoasjoe 71 and Stucker et al 72 described the placement of a conchal cartilage onlay graft over the ULC with excellent outcomes. More recently, authors have also employed alloplastic materials to mimic a butterfly graft. One example of this is the Monarch implant, made of an expanded polytetrafluoroethylene (PTFE) package around an adjustable titanium center. This malleable implant is now approved by the Food and Drug Administration (FDA) for the treatment of nasal valve dysfunction. A study by Hurbis 73 in 2008 showed no adverse effects from the implant and an improved nasal valve area at one and six months postoperatively, according to acoustic rhinometry. The surgeon should be aware that there is always a greater risk of infection or extrusion of alloplastic versus autogenous grafts and that long-term data on this implant have not been evaluated.
Z-plasty.
Scarring of the internal nasal valve area-usually of iatrogenic origin from previous rhinoplasty, nasal surgery, or otherwise-can cause a significant narrowing of the nasal valve area. Recently, surgeons have been employing small intranasal Z-plasties to widen the scarred area. This method relies on small, triangularly based flaps, which are elevated and sewn open in a transposed orientation. This rearrangement of the nasal valve mucosa allows that area to lengthen, open, and heal back without a contractile scar. In a study by Dutton and Neidich 74 in 2008, all of the 12 patients who had intranasal z-plasty to correct nasal valve scarring appeared to have a larger nasal valve area postoperatively on nasal endoscopy and also subjectively reported improvement of nasal airway obstruction.
External Nasal Valve Surgery
Alar batten grafts. The most common treatment for repair of external nasal valve collapse is the placement of alar batten grafts ( Figure 16 ). These grafts help to augment and strengthen the weakened or absent lateral crus of the LLC. 10 Dysfunction of the external nasal valve is most often seen after overresection of the lateral crus of the LLC from a previous rhinoplasty, in an attempt at tip modification. (Clinical examples can be seen in the patient in Figure 17 .) The alar batten graft is usually fashioned from auricular conchal or septal cartilage. It is critical that the graft be the correct size to bridge the dysfunctional cartilage in a precise soft tissue pocket. The grafts are placed just caudal to the LLC, to support the external nasal valve, and they extend laterally to the bony lip of the pyriform aperture, at the point of maximal lateral wall collapse. 75 The alar batten grafts must be situated in a position to effectively support the region of the external nasal valve that collapses on inspiration ( Figures 18A and 18B) . The alar batten grafts may be secured with an absorbable suture through the nasal mucosa, in order to pull up the mucosa against the cartilage.
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Studies by both Becker and Becker 76 and Toriumi et al 77 have shown excellent long-term results in treating external nasal valve collapse with this technique. Although these grafts are usually placed to address external nasal valve collapse, they can also be placed to help bolster the internal nasal valve when they are secured at the junction of the ULC and LLC or scroll region.
Alar strut grafts.
Contrary to alar batten grafts, which overlay the lateral crus to provide support, alar strut grafts act like a support beam from below to strengthen the LLC. Originally reported on by Gunter and Friedman, 78 these grafts are placed in a pocket underneath the lateral crus by dissecting the vestibular skin away from the cephalic portion of the LLC. This graft acts to support the lateral crus immediately lateral to the dome and stretches to the area of its fibrous attachment at the pyriform aperture. Placement of these grafts deep to the lateral crura also eliminates the slight alar fullness that is Figure 16 . The placement of alar batten grafts, which are the most common treatment for external nasal valve collapse. sometimes seen when they are placed as the alar batten grafts described above. 79 Lateral crus pull-up. Another method described by Menger, 80 for cases where the external nasal valve is floppy, is termed the lateral crus pull-up. This technique utilizes a spanning suture to rotate the lateral crus of the LLC superolaterally; it is fixed in place with a permanent suture through the pyriform aperture. This suture is anchored through a hole that is drilled in the pyriform aperture.
Z-plasty/skin grafts/composite grafts. Z-plasty is a well-
established maneuver for correcting cicatricial scarring and stenosis of the external nasal valve. This technique, designed to lengthen the area of contraction and decrease the stenotic segment of the external nasal valve, has largely been described in the surgical treatment of the cleft nasal deformity. This maneuver utilizes the rearrangement of intranasal skin flaps and is very similar to the one described above for treatment of the internal nasal valve. Skin grafts and composite grafts have also been described to reconstruct a scarred area of the external nasal valve. Additionally, small areas of scarring can be primarily divided to release the scar band and then kept open with different forms of stenting.
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COMPLICATIONS
For the purpose of this article, we discuss selected complications that relate to the subject of the surgical treatment of nasal obstruction. Nasal obstruction can occur secondarily to rhinoplasty surgery. For instance, overresection of the lateral crura can lead to external and internal nasal valve collapse. Also, failure to resecure the ULC with spreader grafts after hump reduction may contribute to middle vault collapse and internal valve collapse. Although pertinent to the discussion, these topics would be complications of rhinoplasty and cannot be fully addressed here.
Early Complications of Septoplasty
Early complications of septoplasty primarily relate to hemorrhage, which should be distinguished from the typical 24 to 48 hours of postoperative spotting expected. Significant perioperative hemorrhage in septoplasty ranges from 6% to 13.4% of cases. 81, 82 Acute bleeding during nasal surgery may occur as a result of inadequate local anesthetic, inadequate wait for the vasoconstrictive effects of the epinephrine to occur, or mucoperichondrial flap tears during elevation. It is prudent to inject as soon as possible at the beginning of the surgery and then to wait approximately five minutes or more after injection of 1% lidocaine with 1:100,000 epinephrine before proceeding. This time is appropriate for decongestion of the nose with oxymetazoline-soaked cottonoids and for making other surgical preparations. Mucosal decongestion, particularly when accompanied by nasal Cerebrospinal fluid (CSF) leak is a potential early complication of septoplasty that is exceedingly rare but warrants discussion given its severity. CSF leak occurs when submucous resection is carried too high in the nasal cavity. A crack in the very thin bone of the anterior skull base (generally at the cribiform plate in the midline or the fovea ethmoidalis more laterally) and a concomitant tear of the dura mater on the floor of the anterior cranial fossa results in communication of the subarachnoid space and the nasal cavity. 83, 84 In one extreme case, a patient developed a meningoencephalocele requiring more invasive repair. 83 Although this problem is extremely unusual after septoplasty, it can be life threatening if not rapidly diagnosed and appropriately managed because of the attendant risk of meningitis. Sinonasal surgery is the second most common cause of CSF leak, second only to traumatic skull base fractures. CSF leaks typically occur early in the postoperative period but in some cases may present later. This delay is exacerbated by the presence of nasal packing, which obscures both the nature and source of the patient's rhinorrhea. In addition, patients undergoing day-surgery septorhinoplasty may not be familiar with the classic symptoms, which include clear rhinorrhea, headache, and a salty or metallic taste in the postnasal drip. This could delay presentation for days in some cases, significantly increasing the risk of ascending infection.
When performing a septoplasty in which a high bony septal deviation must be removed to improve nasal airflow or correct an external deformity, a controlled break of the perpendicular plate of the ethmoid bone provides safe separation from the skull base, provided that visualization is adequate. In the case of severe deformity (generally following blunt external trauma), removal of the bony and cartilaginous septum in controlled pieces is prudent, given that an uncontrolled break of the perpendicular plate can place significant force on the anterior skull base. This delicate area may have sustained some trauma during the injury to the nose, thus rendering the patient more prone to CSF leak.
Minimizing the rate of CSF leak after septoplasty is best accomplished through prevention; early diagnosis of this rare complication will ensure that further morbidity owing to ascending infection is avoided. In a review of mortality following rhinological procedures, Tawadros and Prahlow 85 showed that the risk of CSF leak after nasal surgery is increased in patients with a low-lying cribriform plate of the ethmoid roof (Keros type III), specifically found at a level inferior to two-thirds of the orbit height on the preoperative coronal CT scan. Thorough review of available preoperative imaging, particularly in patients with a known history of trauma or previous nasal surgery, is imperative. In cases where there is no imaging available, exam under anesthesia (either with a headlight and speculum or preferably with a telescope) will alert the surgeon to significant nasal anatomic variations. Prevention of skull base injury in difficult cases may then require a less aggressive septoplasty method, especially when manipulating the perpendicular plate attachment to the ethmoid roof.
Antibiotic prophylaxis for meningitis should be given immediately at the time of the suspected diagnosis of the CSF leak, as waiting for diagnostic imaging or fluid beta-2-transferrin will delay potentially life-saving therapy. Conservative management of CSF leak is preferred, with placement of a lumbar drain by either the anesthesiologist or neurosurgical consult service. Surgical repair is reserved for patients with a persistent leak despite at least 72 hours of lumbar drainage, bed rest, and sinus precautions (avoidance of nose blowing, sneezing, and nasal medications). The standard of care is endoscopic repair, except in cases of very large defects, and a multilayer repair is performed at the defect site. 86 When the defect cannot be readily identified on endoscopic exam, intrathecal fluorescein may be employed to aid localization. 86 In the event that a CSF leak is observed during surgery, this may be repaired immediately with endoscopic techniques, once informed consent for the additional procedure is obtained.
Postoperative Infection
Occurring in the first postoperative week, local infection is an important complication to recognize and ideally to prevent. Postseptoplasty infection is very uncommon, with the literature showing a rate of 0.48% to 2.5%. 87, 88 In these cases, infections are almost exclusively localized to the septum and nasal cavity, although hematogenous spread can rarely occur, particularly in patients with an immunodeficiency of any origin. Ascending infection may present as meningitis, cerebritis, subdural empyema, brain abscess, and even cavernous sinus thrombosis. 87 The pathogenesis of infections occurring after nasal surgery is related to the normal mucous membrane colonization of the upper respiratory tract. The mucous membrane barrier is violated during the approach to the nasal septum and thus provides a point of entry for bacteria, which may then enter the vascular system through the arcade of capillaries and venules beneath the epithelium. 89 There is evidence that a transient bacteremia occurs during open septorhinoplasty. This is usually harmless in healthy subjects and resolves quickly and spontaneously. Certain higher risk populations, however, require greater attention, such as patients with mitral valve replacements. 89 The risk of bacteremia increases in septoplasty if nasal packing is left in place for 48 hours after surgery and cases of toxic shock syndrome have been reported. [90] [91] [92] [93] Staphylococcus aureus, an important pathogen in nosocomial infections, is a frequent cause of bacteremia in postoperative patients. 89 Toxic shock syndrome results from the concentration of the bacterial endotoxin in the absorbent nasal packing material, analogous to the original reported cases secondary to tampon use. 91, 92 Release of this toxin into the systemic circulation begins a rapid cascade of sepsis. This manifests as high fever and diffuse erythema and is followed by peripheral desquamation, hypotension, tachycardia, vomiting, and diarrhea. Treatment must be initiated promptly, starting with removal and culture of the nasal packing, hospitalization for the administration of fluids, empiric antibiotics against S. aureus, and vasopressors if needed. 91, 92 Given this potential risk, patient discomfort, and possible deleterious effects on mucosal healing, it is beneficial to avoid nasal packing unless absolutely required for uncontrolled oozing.
The administration of perioperative antibiotics in septoplasty is controversial. Caniello et al 90 found no significant difference in pain, fever, nausea and vomiting, bleeding, and purulent secretions postoperatively with or without antibiotics. However, when septoplasty is carried out with other procedures, such as endoscopic sinus surgery or rhinoplasty, infection risk theoretically increases. Further, the cost of a single dose of preincision antibiotic is small in comparison to the cost of postoperative infectious complications, and national guidelines support antibiotics in all procedures requiring skin or mucous membrane violation. Thus, preoperative antibiotics are recommended. Postoperative antibiotics, however, are given only to those patients who have structural grafting or who require intranasal splint or packing placement. In this situation, antibiotic therapy must be maintained for the duration of the intranasal packing and for three to five days afterward in the case of nonabsorbent splint materials (such as silastic). Finally, patients with significant comorbidities such as diabetes or immunocompromise must receive prophylactic antibiotics. In all cases of acute or chronic infection of the operative site, placement of cartilage grafts, implantation of allogenic materials, presence of a hematoma, mechanical blockage attributable to nasal packing, or postoperative nasal obstruction producing rhinosinusitis, antibiotics should be administered. 87, 88 Intermediate Complications of Septoplasty A septal hematoma occurs when significant venous oozing continues after the septal mucosa incision is closed, resulting in blood being trapped between the mucoperichondrial flaps or against the remaining cartilage. 94 If this goes unrecognized and is not treated early, septal hematoma can be a major complication of septoplasty. An untreated septal hematoma begins a cascade of events that can lead to several other complications, including ischemia and necrosis of the septal cartilage, decreased septal support, and collapse of the middle vault. The result of this structural insufficiency is the saddle nose deformity.
Prevention of septal hematoma is effectively accomplished by employing a mattress suture technique and by ensuring adequate drainage. Nasal packing or splinting may also be effective but can cause patient discomfort or pain. According to Lee and Vukovic, 95 the mattress suture technique reduces the possibility of a septal hematoma by directly abutting the ipsilateral and contralateral mucoperichondrial flaps, closing any inadvertent tears in the mucosa, and supporting cartilage pieces retained after the septoplasty in optimal position. In addition, suture techniques reduce patient discomfort by eliminating the need for nasal packing.
If a septal hematoma does occur, it may contribute to the formation of a septal abscess. Blood products make an ideal broth for bacterial growth and the nasal mucosa is frequently colonized with pathogens. Organisms found in septal abscesses include Staphylococcus, Haemophilus influenzae, and rarely Pseudomonas aeruginosa. Should a septal abscess develop, it should be drained immediately. This is most often done first with large-bore needle aspiration. Subsequently, the septal incision is reopened, allowing the abscess to drain. Purulent material should be rinsed out of the nose gently with saline irrigation. Bilateral nasal packing should then be placed to eliminate the septal dead space and prevent reaccumulation of fluid. Antibiotics should be administered after drainage to prevent abscess reformation or further infection by hematogenous spread. Also, the patient should remain on antibiotics as long as the nasal packing is present.
Late and Lasting Complications of Septoplasty
Mucosal Adhesions/Synechiae Mucosal adhesions, also known as synechiae, are abnormal bridges of inflamed and adherent mucosa that may cause nasal obstruction after septorhinoplasty. Synechiae occur when opposing mucosal surfaces are abraded or injured and are most commonly formed between the septum and inferior or middle turbinates. Synechiae formation complicates approximately 7% of septoplasties, generally forming in the late wound-healing phases of recovery. 96 Although less common, adhesions at intranasal intercartilaginous incision sites may cause internal nasal valve synechiae and result in nasal obstruction (see above). Patients generally remain asymptomatic if the adhesions occur posteriorly. Postoperative airway obstruction attributable to adhesions more anteriorly is experienced as a change in the direction of nasal airflow or greater resistance on inspiration. 81 As with most complications of septoplasty, careful surgical technique may be expected to reduce the incidence. Prevention of postoperative synechiae can be improved via placement of endonasal splints, although this is somewhat controversial. 81, 87 Splints are made of silastic sheeting and are placed against the septum for one to two weeks after surgery. [97] [98] [99] Malki et al 97 reported that there was no significant difference in synechiae incidence between splinted and nonsplinted patients. They concluded that if the goal was to prevent adhesions, nasal splints were not justified. Most rhinoplastic surgeons now employ intranasal splints in only select cases where significant instability is anticipated. Packing provides an alternative but itself is associated with potential complications. For the majority of patients, the authors' approach is a septal suture technique.
Septal Perforation
Septoplasty or nasal surgery is the second leading cause of septal perforation after nasal trauma and is reported at rates less than 1% to 6.7%. 81, 87, 96, [100] [101] [102] Perforation occurs when there are bilateral opposing tears in the mucoperichondrial flaps. It has been reported that 62% of patients with septal perforations are asymptomatic. 81, 100, 103 Symptoms of septal perforation may include dryness and crusting, intermittent epistaxis, pain, rhinorrhea, whistling during nasal inspiration, abnormal airflow, and a paradoxical sensation of nasal obstruction. Most perforations are small and anterior, causing turbulent flow and decreasing the humidification of inspired air. A small number of perforations may enlarge over time, and some may eventually destabilize the nose and lead to a saddle nose deformity. 103 Septal perforation may occur despite meticulous technique. Still, meticulous surgical technique may reduce the incidence. Great care should be taken to avoid inadvertent dissection in a submucosal supraperichondrial plane, leading to perichondrial or periosteal resection with the specimen. 103 The perichondrial layer imparts most of the biomechanical strength to the septal lining. 103 This tissue is also essential, in the case of a small tear, in separating the free mucosal edges of the raised flaps after removal of the septal cartilage or bone. Without this intervening layer, the mucosa edges may heal together, making a perforation. Intraoperative perforations should be recognized and repaired with simple interrupted 5-0 chromic sutures, with the help of an endoscope if needed. Tears occur mostly over convexities, spurs, or crests, and the resulting surplus of mucosa may facilitate endonasal sutures without tension. 81 When septal perforations occur, they should first be managed conservatively with observation and improved nasal hygiene and humidification. Some patients exacerbate the problem and enlarge the size of the perforation from repeated trauma, picking at the crusting that occurs. In cases of severe symptoms, repair may alleviate breathing problems, bleeding, crusting, frontal headaches, and nasal whistling. Unilateral or bilateral bipedicled mucosal flap closure with autogenous grafts is the preferred method for closure of small-to medium-sized (<20 mm) nasoseptal perforations, although there are many alternatives in the literature. 100 This method has resulted in a 90% closure rate and significant improvement in symptoms. 104 An open rhinoplasty approach may facilitate repair. 104 This method is extremely helpful for exposure, especially with larger (>20 mm) defects.
Aesthetic Complications
In addition to functional complications of septoplasty, the risk for aesthetic complications exists. 81 There is a reported risk of 1% to 4.5% of major aesthetic change. 101, 105, 106 Postseptoplasty nasal deformities result from loss of support mechanisms, cartilage mobilization or weakening, and partial overresection. Three major types of deformity occur: tip projection loss, supratip depression or dorsal saddling, and columellar retraction. There is no relation between general surgical risk factors for septoplasty and the possibility of aesthetic deformity after the procedure and no reported increase in risk for aesthetic complications in patients who have had previous septal surgery. 101 The extreme end of the spectrum of dorsal destabilization is the saddle nose deformity (Figure 19 ). The K-area, or keystone, is the critical area in which the quadrangular cartilage, nasal bones, perpendicular plate, and ULC come together. When the K-area is disrupted, it may act as a pivot point; downward and inward rotation of the anterior septal cartilage then becomes possible. Subsequently, this rotation may widen the nasal base. 81 Avoidance of K-area instability and overresection of the dorsum is essential in children because septal trauma or surgery can inhibit the growth of the prepubescent nasal cartilage and thus predispose the child to a saddle deformity after puberty. 87 In all cases, if septal cartilage is removed in the treatment of a septal spur or deformity (or for grafting purposes), it is crucial to maintain a 10-to 15-mm "L-strut" of cartilage along the nasal dorsum and caudal septum. After treatment of the septum is complete, the surgeon should verify adequate fixation of the caudal septum; if it is mobile, it must be stabilized to the maxilla with a Wright suture into the periosteum of the nasal spine. Dislocated septal cartilage may be repositioned with a guide suture (figure-of-eight) through the columella. 81 At the conclusion of the case, gentle palpation of the dorsum and tip support should be standard. If weakness is present, additional structural techniques should be performed before waking the patient.
Sensory Disturbance
Sensory disturbance of the anterior palate and central incisors has been reported in 2.8% of patients after septoplasty. 107 This is most likely related to direct injury of the branches of the nasopalatine nerve at the floor of the nose and in the maxillary crest, secondary to drilling or chiseling in this area. Conservative resection along the maxillary crest is therefore recommended.
Blindness
Blindness is a rare but frightening complication of septoplasty. The pathogenesis of vision loss after septoplasty is unclear, and many different mechanisms are possible. One possibility relates to the application of high-pressure intraarterial injections of lidocaine with epinephrine. When this mixture is injected into the membranous part of the caudal septum or into the turbinates, retrograde flow could enter branches of the ophthalmic artery. Embolism or vasospasm then occurs, with subsequent occlusion of the feeding vessels of the ophthalmic artery, causing unilateral blindness. Some authors have suggested that slower injection at a single site could prevent this complication, although the extreme rarity of this event makes preventative measures difficult to assess. 87, 108 In addition, direct trauma to the optic nerve during septoplasty is another mechanism that has been reported to have caused blindness. Instruments for fracturing the bony septum may be placed too high and too laterally in the posterior nasal cavity, entering the optic canal with an aggressive mallet strike.
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COMPLICATIONS OF TURBINATE SURGERY Early Complications of Inferior Turbinate Reduction
Inferior turbinate reduction can be a useful adjunct to septorhinoplasty in patients with preoperative nasal airway obstruction and inferior turbinate hypertrophy. There are many different methods, and each has its own particular potential complications. Although some controversy persists in the literature with regard to the quantity and methods of turbinate resection, the focus here will be complications in general. It is worth noting, however, that total turbinate resection is never indicated for the treatment of nasal obstruction and that the physiologic function of the inferior turbinates is important to maintain.
The most common complication of inferior turbinate reduction is hemorrhage. Hemorrhage after septorhinoplasty with treatment of the inferior turbinates most commonly originates from the turbinate remnant. 82, 109 Prior to initiation of turbinate reduction, it is very helpful to inject the head of the turbinate with lidocaine with 1:100,000 units epinephrine (usually 1 mL). This mixture should be allowed to work for five minutes prior to incision and, as with septoplasty, the mucosa can be decongested with oxymetazoline-soaked cottonoids during this time. Submucous resection, with or without the assistance of a microdebrider, may then proceed. If visualization is adequate, particularly without powered instruments, working from posterior to anterior will help to maintain a clear field. The microdebrider may increase the efficiency of turbinate removal and help to clear the nasal cavity of debris and blood. In addition, the microdebrider reduces mucosal trauma when used precisely; if the surgeon is not meticulous, however, accidental contact with the septum, middle turbinate, or nasal vestibule can lead to a poor result. Severe postoperative hemorrhage is rare, but mild oozing is to be expected. This may be treated with short-term use of topical decongestant sprays and humidification.
Newer treatment options for inferior turbinate reduction have some different risks. Radiofrequency ablation and electrocautery procedures may be performed in the surgeon's office with only local anesthesia. With radiofrequency reduction, careful observation of the placement and temperature of the radiofrequency device tip must be maintained throughout to avoid pain and possible thermal injury. 1, 54 Results with traditional electrocautery have not been favorable when compared to other modalities and have included significant patient discomfort (when performed awake) and postoperative edema and crusting, which may last up to six weeks. 57 Carbon dioxide laser techniques have been successful in the treatment of inferior turbinate mucosal hypertrophy, with scant blood loss and minimal patient discomfort. Hemorrhage may occur, however, when the resulting eschar sloughs in the days following surgery, and postoperative crusting is still a problem for some patients. The laser also requires technical expertise, expensive equipment, and safety precautions that make it impractical in many settings. 54 Last, it is important to note that removal of the bony portion of the turbinate (inferior concha) is not possible with these techniques, significantly limiting their long-term utility in some patients.
Late Complications of Inferior Turbinate Reduction
Apart from the risk of recurrent nasal obstruction after inadequate inferior turbinate reduction, there are complications involving mucosal or bony injury, the postoperative healing process, and overresection. As discussed previously, inadvertent mucosal injury during nasal surgery can have significant long-term results that are difficult to appreciate at the time of surgery. Synechiae may form between the inferior turbinate and the septum. Patients are often asymptomatic, but in some cases, persistent nasal obstruction may be perceived, or the synechiae may even contribute to a poor result of the septorhinoplasty as a whole. Although placement of nasal packing or silastic stents may reduce the risk of synechiae, this is not without complications (as discussed above). The key to prevention of poor results from adhesion formation is synechiae prevention with protection of the mucosal surfaces of both the turbinate and the septum and prompt repair of accidental tears whenever feasible. 109 In addition to mucosal injury and related complications, the bony portion of the inferior tubinate (concha) may be injured during turbinoplasty. Especially with electrocautery for inferior turbinate reduction (but also with the carbon dioxide laser), there is a risk of bony necrosis. 54 Direct thermal injury to the thin bone of the concha may destroy its delicate blood supply and this damage may be irreversible. This leads to necrosis, sequestration, inflammation, pain, and increased risk of infection. 110 In some patients, this requires a second procedure to remove the dead bone, and the resultant turbinectomy may predispose the patient to severe crusting or other complications.
Overresection causes the most difficult-to-manage of the late complications, resulting in persistent crusting and, in severe cases, atrophic rhinitis. As Lindemann et al 111 showed with fluid dynamics modeling, inferior turbinate resection leads to severe disturbance in nasal airflow and dramatically impairs air conditioning function. The normal physiologic function of the inferior turbinate is humidification and filtration of inspired air. In its absence, dry air with particulate matter enters the nose, and the mucociliary clearance formerly provided by the ciliated epithelium of the inferior turbinate is no longer possible. 54, 112 Thick mucous crusts may form and the patient may develop significant rhinorrhea, foul smell or taste, and a paradoxical sensation of nasal airway obstruction. 1, 113 Alterations in the airflow and mucous clearance in patients with atrophic rhinitis may eventually lead to changes in bacterial colonization and may predispose the patient to bacterial rhinitis with distinct flora such as Klebsiella ozaenae. 112, 113 Some improvement may be achieved by routine humidification, a variety of nasal irrigations, improved nasal hygiene, and topical antibiotics, but no curative treatment exists for this complication.
OUTCOME ASSESSMENT IN SURGERY FOR NASAL AIRWAY OBSTRUCTION
Although the outcome evaluation of the surgical treatment for nasal obstruction is often straightforward and obvious, at times it can be difficult and subjective.
Straightforward clinical assessment of postoperative nasal airflow can be performed in the clinic with the same techniques employed in the initial diagnostic visit (see above). Clinical assessment, paired with a basic, subjective response from the patient, has been the most frequently reported outcome assessment in the literature. 75 More rigorous symptom-based assessment and objective data, however, have been historically more difficult to generate. The generic nature of outcome reports, coupled with the retrospective nature of the overwhelming majority of studies of nasal airway surgery, has led to an accumulation of level IV evidence. 75, 114 Although much of this has been positive in the sense that surgeons have data to support the efficacy of their patient selection and treatments, lasting effects of nasal airway surgery have been difficult to document and preoperative prediction of patient benefit (according to diagnostic maneuvers, anatomy, or the surgeon's overall impression) has not been reliably achieved. 75, 115, 116 Finally, correlation between physical or anatomic findings by the surgeon and patients' relative improvement after procedures has been very poor across studies.
In this section, objective postsurgical nasal airway evaluation is reviewed. This includes general considerations and a review of the current literature.
Objective Outcomes Studies
Objective studies of improvement in nasal function after surgery for nasal obstruction have included assessment of nasal air conditioning, nasal volumes, cross-sectional areas, and airflow pattern. 111, 115, 118, 119 Unfortunately, results of these studies have often conflicted and have failed to provide a clear picture with regard to preoperative and postoperative objective assessments. Adding to the confusion, a broad range of success rates has been reported in the literature, between 43% and 90%. 120 Acoustic rhinometry and rhinomanometry, both described above, have been employed in objective postoperative assessments of nasal airway surgery, in addition to preoperative diagnosis and selection of surgical candidates. The data regarding these measures are mixed across multiple studies, with multiple groups publishing conflicting results from similar research designs. Kemker et al 118 showed increased postoperative volumes on postdecongestion acoustic rhinometry, whereas Reber et al 119 found no increases in postoperative volumes and, furthermore, found no correlation between measured cross-sectional areas and subjective nasal patency either before or after surgery.
Dinis and Haider 115 employed rhinomanometry to assess septoplasty patients pre-and postoperatively and then compared objective measures to patients' reported satisfaction. They found that rhinomanometry does not correlate well in many cases and only shows increased resistance in anterior deviation. 115 Further, even in cases where rhinomanometry was useful in diagnosis, it failed to predict long-term outcome (ie, patient satisfaction) in the years after surgery. 115 This result is supported by Kim et al, 103 who showed that acoustic rhinometry and rhinomanometry measures are not significantly correlated with patients' subjective assessments of airway obstruction. Because this is the ultimate driver of success in nasal airway surgery, the authors emphasize that objective assessments should not be overvalued relative to the patients' subjective impressions. The difficulty with these data, however, is the significant recall bias inherent in purely subjective outcomes studies, particularly those that do not employ standardized, validated clinical outcomes instruments.
Sipila and Suonpaa 121 used acoustic rhinomanometry to select surgical candidates with apparent success in a large study supported by the Finnish health system. The authors showed that patients with high intranasal resistance preoperatively were satisfied with the surgical outcome 85% of the time. 121 The authors presented this result as supportive of rhinomanometry as a screening tool in identifying the best surgical candidates. Additional support for objective measures comes from Skouras et al, 122 who showed increased cross-sectional area and nasal volumes postseptoplasty. These authors also reported that symptom improvement paralleled objective data, although no statistical correlation was given. 122 Last (and in contrast with other studies), Grymer et al 123 have shown a positive correlation between minimal cross-sectional area and the subjective feeling of nasal patency both pre-and postseptoplasty.
In a review of the literature, we found that most nasal obstruction studies only objectively examine the smaller nasal cavity (ie, the side of maximal deflection or spur), but correction of septal deviation may result in changes in airflow on the contralateral (larger) side. Increased obstruction may manifest at the contralateral internal valve in some cases, and this has a significant effect on outcome. Pirila and Tikanto 124 showed that patient satisfaction is negatively correlated with a decrease in the cross-sectional area of the contralateral internal valve. When there is significant improvement in cross-sectional area at the ipsilateral or bilateral internal valves, however, satisfaction increases, and the correlation between area and subjective airflow is strong.
The data supporting improvement in nasal air conditioning with surgery for nasal obstruction leave less doubt about positive results. Multiple studies by Lindemann et al 111, 125 showed that nasal physiologic functions, such as heating and humidifying inspired air, were improved by septoplasty and septoplasty with appropriate inferior turbinate reduction. This effect is derived from increased volumes and direction of physiologic airflow to key places in the nasal passage, thus increasing mucosal contact with the nasal air stream. In addition, filtration of particulate matter may be more effective with improved flow dynamics.
Quality of Life Assessments and Patient Satisfaction
In addition to objective measures, multiple authors have sought a standardized assessment of results from the patients' perspective (ie, subjective). These efforts have taken the form of symptom-based questionnaires and inventories and have met with variable success. [126] [127] [128] The importance of outcomes research and assessment of health-related quality of life (QoL) continues to grow, particularly as economic factors play an increasing role in treatment decisions. As such, there has been a significant rise in the efforts of surgeons to quantify the benefit that patients receive from particular interventions. This has taken the form of symptom or disease-specific outcome measures, the best of which are standardized, validated, and then employed across multiple studies of different treatments. 114, 117, 129 Schwentner et al 127 designed a mailed questionnaire (a composite of multiple outcomes instruments and a visual analog scale) to assess patients' subjective QoL after septoplasty. The response rate was approximately 50%, which is standard for such methods, and most patients were more than two years postoperative. Analysis of the symptom-based subsets showed significant improvement in each category, including "overall medical state." 127 This result was consistent over different lengths of follow-up and accompanied improvements in nasal-specific QoL. In a similar study, Siegel et al 116 employed the Nasal Health Survey (NHS), as well as the Short Form 12 (SF-12), to assess septoplasty-related changes in QoL. Patients achieved significant improvement in both symptom and medication use subscores of the NHS at a mean follow-up of nine months, although no significant change was observed in the SF-12. 116 These studies highlighted the utility of diseasespecific measures, but they also underline the need for standardization. Interpretation of results between studies is greatly facilitated when authors employ the same instruments rather than novel scales or ad hoc surveys.
The most rigorously developed disease-specific measure for nasal obstruction was created by the Nasal Obstruction Symptom Evaluation (NOSE) study investigators. 128 These authors began with multiple questions derived from different assessments and then employed multiple rounds of item elimination and statistical validation to arrive at a five-item instrument that tracks nasal obstruction-related QoL. The NOSE scale generates an integer score out of 100 and thus facilitates quantitative comparisons within subjects at different time points or between groups of subjects undergoing different treatments. 128 Thus far, the NOSE has been employed in a handful of important outcome studies. 117, 126, 128, 129 Stewart et al 128 followed up the development of the NOSE scale with an analysis of septoplasty with or without turbinate reduction. This study showed a significant disease-specific benefit in both groups at three and six months postoperatively, as well as decreased medication use. 128 As in many other studies, the authors could not show correlation between patient physical exam assessments and outcomes. Rhee et al 126 also employed the NOSE scale in their examination of nasal valve surgery. These authors showed improvement over baseline at three and six months, with improvement also present between the three-and six-month assessments (attributable to healing and resolution of edema over time). 126 Interestingly, this study also showed that physician rating of nasal obstruction on a visual analog scale predicted patient QoL, leading the authors to question the utility of objective measures. 126 Finally, Most 129 reported NOSE results after 41 functional rhinoplasties, with significant improvement noted across multiple surgical techniques used to address nasal obstruction.
A smaller number of studies have examined global health-related QoL in patients undergoing nasal surgery. 116, [130] [131] [132] These studies have not shown improvement in global estimates of health-related QoL related to nasal surgery, although some hint at an effect on overall health. This is not entirely unexpected because the burden of nasal obstruction is likely below the measurable threshold for generic QoL instruments. 117, 128 These findings underline the importance of routine employment of high-quality disease-specific instruments, such as the NOSE scale. 128 Uppal et al 132 showed a significant correlation between subjective nasal symptom improvement and Glasgow Benefit Inventory (GBI) scores postseptoplasty. It is important to note, however, that the GBI is an outcome measure designed to specifically assess the benefit received from a particular procedural intervention; it is not a true assessment of global health-related QoL. The authors have shown that the GBI, however, may be an alternative means of quantifying subjective benefit. This is useful because the GBI may also be used in other procedural assessments and thus facilitates comparison of the relative benefit of heterogeneous management strategies or even treatments for different diseases entirely. 132 Unfortunately, the studies reviewed here represent a small percentage of the literature, which continues to focus primarily on technical description and level IV evidence. A recent systematic review of nasal valve surgery highlights the overall weakness of the evidence in the field of functional rhinoplasty and surgery for nasal airway obstruction. 75 Higher level evidence and greater emphasis on standardized, quantitative approaches are the keys to advancing the field-particularly in light of the size of the market for nasal obstruction treatment, which has been estimated at $5 billion each year. 127 Last, some discussion of patient satisfaction is warranted. Satisfaction is related to QoL but represents a distinct entity; it is both difficult to define and difficult to isolate, in terms of the effects of a particular surgical intervention in the global picture. Also, as most surgeons have experienced, satisfaction is fluid-it changes over time as patients adapt to new health states and recall of previously significant symptomatic states diminishes. It is thus important to delineate satisfaction from attempts at quantitative assessment of patient symptoms because the former is general and has a significant emotional component, whereas the latter relies on patient-reported data to determine a composite picture specific to their health or a particular disease state.
Patient satisfaction with an external or aesthetic result can be significantly reduced if nasal obstruction is untreated or, worse, caused during septorhinoplasty. 1, 133 Thus, it is critical to approach nasal obstruction concurrently and thoroughly. Overall, surgical correction of patients' subjective sensation of nasal obstruction has widely variable results in terms of satisfaction, with most data in the range of 60% to 90%. 115, 121, 124, 128 This may reflect heterogeneity in the extent of surgery or the manner and timing of assessments. For example, Dinis and Haider 115 found patient dissatisfaction with the level of improvement after correction of posterior deviation. It would be ideal to use an objective test to delineate surgical candidates (and likely success) from nonsurgical disease, but the authors observed that the correlation was not significant. Further, patients with anterior deviation were very satisfied only 42% of the time in this study. 115 In contrast, Sipila and Suonpaa 121 showed 85% satisfaction in patients at six months with acoustic rhinometry for screening. It is worth noting, however, that this was a unique situation, where treatment decisions were based on external pressures and patients had relatively little influence. 121 Konstantinidis et al 131 were able to show disease-specific improvement but not global; more importantly, they reported that patient satisfaction with improved nasal airway function attenuates significantly over time. This demonstrates a significant but not immediately obvious issue: appropriate timing for outcome assessments. It is important to assess results after healing has occurred and tissues have settled but before patients forget the burden of their preoperative symptoms. Furthermore, multiple assessments are necessary to track changes over time. Thus, it is recommended that at least two short-term assessments be completed-ideally one in the three-to six-month range and a second at one year. Further long-term assessments are useful but not practical in many contexts and should occur at three to five years for the purpose of clinical trials.
SAFETY ISSUES IN NASAL SURGERY
Nasal surgery is generally safe, but careful attention to issues surrounding the surgical procedures is essential in maximizing patient benefit. Certain surgical instruments and equipment require familiarity and careful setup to ensure safe application. This is true of the microdebrider, particularly as it relates to inadvertent mucosal tears, formation of adhesions, and overresection (see above). It is also crucial when using the CO 2 laser, as careless setup, improper calibration of the power, or inaccuracy of the aiming beam could result in injury to intranasal structures, as well as the patient's external nose or face.
It is important to discuss the risk of operating room (OR) fire and airway burns. There is a risk of ignition with any application of electrocautery and lasers, but this risk is dramatically increased in the setting of nasal cannula or face tent supplemental oxygen. 134 Elevated local oxygen saturation results from escape of supplemental oxygen into the surgeon's field. When loose drapes are employed to cover the patient, oxygen may also become trapped beneath flammable materials and rise to very high concentrations. Facial burns, intraoral and airway burns, and even patient demise have been reported. 134 Although burn injuries in the OR are rare, they represent 20% of all malpractice claims for cases performed under monitored anesthesia care (MAC)-and 95% of these cases involve surgery in the head and neck region. 134 It is crucial to have a fire safety protocol in any operative setting, and training of office and operating room staff must be complete and up-to-date to ensure patient safety and facility accreditation.
The application of topical and injectable anesthetics and vasoconstrictive agents has also been debated, including topical 4% cocaine solution. Although these medications have many positives, including rapid onset, prolonged effect, local vasoconstriction, and decongestant effects, they are not without complications. Potential complications range from very mild to severe and life threatening, including abnormal taste sensations, tinnitus, mild anxiety, myocardial infarction, cerebral vascular accident, and death. Unfortunately, there are no preoperative criteria, other than previous history of adverse reaction, to identify patients at increased risk. 135 It is imperative to remember the maximum dosing for each drug and that doses are additive. In addition, vigilant perioperative cardiopulmonary monitoring is essential, including blood pressure, pulse oximetry, and electrocardiography. Treatment of systemic toxicity includes oxygen, intravenous fluids, and removal of any residual agent (eg, cocaine-soaked pledgets). If cardiovascular alterations are noted, appropriate anesthesia care and a cardiology consult are necessary.
The surgical setting and anesthesia choice also have a great potential influence on patient outcomes. There are advantages and disadvantages of local anesthesia with sedation and of general anesthesia. Nasal surgery can be performed safely under either sedation or general anesthesia. The method of anesthesia employed during septorhinoplasty varies between surgeons and in different countries, with a great majority of cases in the United Kingdom, for example, being performed in a hospital setting with general endotracheal anesthesia (GETA), whereas this is less common in the United States. 136 Concerns about the safety of operations performed outside of a large in-patient hospital have been addressed by large studies in the plastic surgery literature. 106, 137, 138 Byrd et al 106 demonstrated safe outpatient plastic surgery in a group of over 5000 cases. That study pooled multiple anesthetic strategies, so exact interpretation is difficult. Another large study, by Bitar et al, 137 examined officebased surgery in almost 5000 consecutive plastic surgery procedures. These authors found that intraoperative sedation and airway management performed by a registered nurse anesthetist (CRNA) and the surgeon were very safe, provided that patient selection was appropriate and clear safety protocols were in place. No deaths occurred and no surgical airways were required. 137 In their entire cohort, only one patient was emergently intubated. 137 No deep venous thromboses or pulmonary emboli occurred. 137 A small number of patients experienced postoperative nausea and vomiting, although this was prolonged in only a handful (<1%). Only two patients in the entire series required unplanned admission. 137 The authors advocated for the presence of CRNA for in-office procedures and also highlighted the absolute necessity of emergency training and accreditation of the staff, as well as clear patient admission and transfer protocols.
It is worth noting that without an endotracheal tube (ETT) in place, during procedures performed with local anesthesia only or with MAC techniques, there is potential for nasal bleeding to pass through the choanae, nasopharynx, and into the larynx. 109 In addition to alarming the patient, blood products in the glottis may cause a significant cough response, making precise surgical techniques impossible. Further, even small amounts of blood products on the vocal folds may cause laryngospasm, leading to complete airway obstruction and a need for immediate relaxation or intubation (or even a surgical airway) to avoid the possibly of pulmonary edema, cardiovascular collapse, or anoxic brain injury in severe cases. A nasopharyngeal pack can be a useful preventative measure, helping to keep the larynx clear of blood products.
CONCLUSIONS
Nasal obstruction is a relatively common problem in patients presenting for rhinoplasty; in these cases, both the functional and aesthetic aspects of their concerns must be addressed. Therefore, every rhinoplasty surgeon should cultivate a full understanding of external and intranasal anatomy, the differential diagnosis of nasal obstruction, the elements of a complete nasal examination (including nasal endoscopy), and the medical and surgical treatment options, all of which were reviewed in this article. Only after a thorough assessment of each of these factors can an appropriate operative (and postoperative) plan be discussed with the patient.
